In the setting of facial paralysis, inadequate eyelid closure and lower eyelid ectropion can lead to corneal exposure and impaired quality of life. Repair of paralytic ectropion is challenging, and an ideal surgical approach for all cases has not been identified.
T he eyelids and their dynamic function involve a complex array of muscles that retract and elevate in a coordinated fashion. The natural blink mechanism functions to distribute the protective tear film, prevent corneal desiccation and injury, and facilitate the flow of tears.
1 Patients with facial paralysis can present with profound ocular manifestations due to loss of static and dynamic function of the eyelids and most notably the sphincteric function of the orbicularis oculi muscles. 2 Paralytic ectropion is the most commonly described eyelid outcome in facial paralysis. The ectropion demonstrates eyelid eversion, while retraction is seen as downward gravitational pull on the eyelid. Other factors such as age and scarring or radiation therapy (RT) can affect eyelid function as well. 3 Static dysfunction from the loss of orbicularis oculi muscle tone is accentuated by the unopposed lower eyelid retractors, often resulting in paralytic lagophthalmos (incomplete eyelid closure). Dynamic dysfunction manifests as impaired blink, resulting in impaired tear film distribution and clearance through the lacrimal pump. 4 This may manifest in epiphora, presence of a tear lake, and dryness from ineffective ocular lubrication. Corneal protection by limiting lagophthalmos is important to prevent exposure keratopathy. 5 The goals of treating lower eyelid ectropion are protection of the eye and restoration of facial symmetry. Initial management frequently includes a moisture chamber and ocular lubrication to protect the cornea. For patients with suspected transient facial paresis, options include eyelid taping, temporary tarsorrhaphy, and induction of protective eyelid ptosis with botulinum toxin. A spectrum of techniques have been described that (1) shorten and/or tighten the lower eyelid, (2) support the middle lamella (spacer), or (3) connect the lower and upper eyelids (tarsorrhaphy). 1, 6, 7 For chronic flaccid facial paralysis, early postoperative success is often marred by inadequate eyelid position over time. Patient-reported outcome measures of these procedures alone are limited, 6 but reports suggest that no one ideal treatment for all cases has been identified. A common lower eyelid tightening procedure is the tarsal strip canthoplasty, 8 with other options including pentagonal lower eyelid resection or lateral retinacular suspension. Lower eyelid retractor recession can be helpful in these cases. 9 Permanent tarsorrhaphy is an effective option in severe cases but is limited by lateral peripheral visual field obstruction from the narrowed palpebral fissure 10, 11 (Video 1). Recent innovative reanimation techniques, such as the transposed corrugator supercilii muscletendon unit flap, are being studied. 12 Sufyan et al 13 16 Henstrom et al 6 used this instrument to assess QOL changes after treatment for paralytic lagophthalmos. We sought to expand from these previous reports by evaluating eyelid position and patient-reported outcomes in patients with flaccid facial paralysis who have undergone the hybrid TC flap by the senior author (T.T.T.). The objectives were to (1) compare the patient-reported outcomes and QOL metrics using FaCE 15 and (2) measure the objective eyelid improvement with photographic outcomes using the Moe Ectropion Grading Scale (EGS).
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Methods
Study Design and Patients
After institutional review board approval at the University of California, Davis, the authors performed a retrospective review of all patients with facial paralysis and paralytic ectropion who had undergone a single-stage tarsal strip canthoplasty and modified TC flap by the senior author (T.T.T.) between January 2014 and August 2017. Due to the retrospective nature of the study, informed consent was waived. Patients without at least 3-month follow-up were excluded. Data collected included age, sex, etiology of facial paralysis, HouseBrackmann grading score, preoperative and postoperative patient-reported symptoms, FaCE eye comfort and lacrimal control subdomain scores, and objective photographic analysis using the Moe EGS. The FaCE Scale was obtained at the preoperative visit, as well as the 3-month postoperative visit. Moe EGS scores were recorded at the preoperative visit and again at the 3-month postoperative visit on all patients. The FaCE Scale 15 is a validated, patient-reported QOL instrument consisting of 15 items on a 5-point Likert scale (1 = lowest, 5 = highest). In addition to a total score, subdomain scores can be calculated for facial movement, facial comfort, oral function, eye comfort, lacrimal control, and social function. Subdomain and total scores are calculated on a 0 (worst) to 100 (best) scale. The Moe EGS is a clinician-determined score based on objective evaluation of eyelid position. Scores range from 0 (best) to 5 (worst), where 0 = normal eyelid appearance and function, 1 = normal appearance but symptomatic patient with eyelid laxity on examination, 2 = scleral show without eversion of the lower eyelid, 3 = ectropion without eversion of the lacrimal punctum, 4 = advanced ectropion with eversion of the lacrimal punctum and presence of tear lake, and 5 = ectropion with ocular complication.
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Key Points
Question Does lateral eyelid coupling in patients with facial paralysis improve quality of life as measured by the Facial Clinimetric Evaluation (FaCE) scale and Ectropion Grading Scale?
Findings In this cohort study of 16 patients, Moe Ectropion Grading Scale score improved significantly. Quality of life measured using the FaCE scale demonstrated a significant improvement in eye comfort and lacrimal control scores in patients who had undergone radiation therapy but no difference in patients who had not undergone radiation therapy.
Meaning
The combined lower eyelid tightening and tarsoconjunctival flap procedure is effective to obtain corneal protection in patients with facial paralysis.
Surgical Technique
Lateral eyelid coupling is completed by insetting an upper eyelid TC flap into the lower eyelid. Combined with a lower eyelid canthoplasty, the procedure can be broken into 4 steps: (1) prepare the canthoplasty or canthopexy by creating a tarsal strip or lateral retinacular suspension; (2) elevate the TC flap from the upper eyelid (eFigure 2a and 2b in the Supplement); (3) inset TC flap into the lower eyelid (eFigure 2c in the Supplement); and (4) suspend the lateral canthal tendon to the lateral orbit (canthoplasty or canthopexy).
Specifically, in step 1, the lateral canthotomy is sharply incised. An inferior cantholysis is performed with scissor dissection, freeing the lateral lower eyelid from its attachments to the Whitnall tubercle. The lateral canthal tendon is then isolated and the lateral skin and conjunctiva are denuded to the degree needed to correct lower eyelid laxity.
In step 2, the upper eyelid is then retracted using a 4-0 silk suture placed through the gray line and inverted onto a Desmarres retractor. Local anesthesia of the upper eyelid TC flap assists with flap elevation. The superiorly based flap is designed to include 1 to 2 mm of the tarsal plate (total height, approximately 4 mm). The width of the flap ranges from 3 to 6 mm.
In step 3, an incision is made at the gray line at the lateral aspect of the lower eyelid as a pocket to receive the TC flap. The flap is then brought down in the usual fashion for a modified Hughes flap and sutured using 4-0 Vicryl suture in interrupted fashion (with knots facing away from sclera).
In step 4, the canthoplasty suture is completed with horizontal mattress of 5-0 absorbable suture. This suture suspends the lower lateral eyelid to the medial aspect of the lateral orbital rim periosteum (often superior and posterior to the Whitnall tubercle). The lateral canthal angle is recreated with a 6-0 fast-absorbing gut suture, which is carried under the canthotomy 2-layer closure of 5-0 monocryl and 6-0 silk sutures.
Statistical Analysis
Statistical software was used to perform data analysis (SPSS 23, IBM Inc). Sample population characteristics were outlined using descriptive statistics. Frequency of patient symptoms, examination findings, and FaCE subdomain scores were analyzed using a t test. Median Moe EGS was compared using a Wilcoxon rank sum test and graphically represented using a cumulative frequency plot, as this variable was ordinal. Twotailed P < .05 was considered to be statistically significant.
Results
Patient Demographic Characteristics
After exclusion criteria were applied, 16 patients (8 men and 8 women) were identified. Table 1 presents the demographic and surgical characteristics for all patients. The mean (SD) age was 71.5 (9.6) years (range, 59-92 years). The leading cause of facial paralysis in the population was cutaneous squamous cell carcinoma (n = 7 [44%]), followed by primary parotid malignant neoplasm (n = 4 [25%]), acoustic neuroma (n = 3 [19%]), tonsillar squamous cell carcinoma (n = 1 [6%]), and unknown (n = 1 [6%]). The mean (SD) time between paralysis and referral for surgical repair of ectropion was 22.9 (38.2) months (range, 0-151 months).
The majority of patients had undergone RT prior to their 3-month postoperative appointment (n = 9 [56%]). Mean (SD) follow-up was 9.8 (8.8) months (range, 3-39 months). All patients had upper eyelid weight placement with most placed concurrently (n = 10 [62%]), while 6 (38%) patients had previously placed gold weights.
Outcomes
Patient-reported symptoms and objective physical examination findings are reported in Figure 1 . The most common symptom was epiphora, which was significantly reduced after surgery (75% vs 25%). There was a significant reduction in epiphora, lagophthalmos, and scleral show.
Photographic analysis combined with physical examination findings of eyelid laxity was integrated in a Moe EGS, which was recorded before and after surgery (Video 2 and Video 3 show the patient eye findings before and after surgery). Figure 2 shows the eyelid coupling effect with postoperative patients looking upward (additional patient photographs of the TC flap are shown in Figure 1B -1D in the Supplement). Median Moe Ectropion Grading Scale score improved from 3 (interquartile range, 2-3) to 0 (interquartile range, 0-1; P < .001) and is graphically represented in a cumulative frequency chart ( Figure 3) . The Moe EGS grade decreased in 88% (n = 14) of patients to a score of 2 or less (ie, no eversion was present).
Complete pre-and postsurgery QOL FaCE questionnaires were available for 10 patients. The eye comfort and lacrimal control subdomain data were collected ( Table 2) . Mean eye comfort scores significantly improved (increased) among all patients from 11.3 (95% CI, 0-22.5) to 41.3 (95% CI, 25.7-56.8; P = .003). The increases in eye comfort scores were similar when the patients were subdivided into those who had undergone RT (29.1 points; P = .01) and those who had not (31.3 points; P = .09); however, the latter finding was not statistically significant.
Mean lacrimal control scores improved from 37.5 (95% CI, 9.0-66.0) to 47.5 (95% CI, 23.9-71.1) in the entire sample population, but the finding was not significant (P = .57). Those patients treated with RT had a significant improvement in lacrimal control scores after surgery (33.3 points; P = .03).
One associated surgical complication was identified in a malpositioned upper eyelid gold weight. There were no complications attributable to the TC flap and lateral canthoplasty. Successful partial division of the TC flap was completed in the clinic under local anesthesia for a patient who sought improve- 
Discussion
This is the first study to report validated QOL and eyelid malposition outcomes of patients undergoing lateral eyelid coupling with a tarsal strip canthoplasty and modified TC flap to correct eyelid malposition. We demonstrate that this hybrid flap provides sustained improvement in lower eyelid position and patient QOL. Moreover, this difference is sustained within the RT subgroup of the sample population.
Outcomes for individual techniques of ectropion repair have been difficult to place in context due to a lack of standardized metrics. Moe and Linder 17 developed the EGS to evaluate the outcomes of their transorbital canthopexy procedures and found an objective eyelid position and laxity with a concomitant improvement in patients' primary symptom in 83% of cases. The EGS provided a framework for standardized reporting of objective outcomes for ectropion. In the present study, almost all of the patients' eyelid malposition was corrected and sustained in patients with greater than 1 year of follow-up. In the 2 patients whose Moe EGS did not improve, medial punctal eversion was present before and after the hybrid TC flap technique, which does not target the medial punctal eversion. Additional medial canthoplasty procedures may be required in these cases. Another benefit of further collecting these metrics (patient-reported outcomes and objective eyelid position) is to guide development of an algorithmic approach to when additional procedures should be considered with the TC flap.
The QOL results of this study were consistent with and extend from those described by Henstrom et al, 6 who demonstrated significant improvement in eye comfort scores, lacrimal control, and overall disease-specific QOL in patients undergoing a combination of upper eyelid platinum weight, lower eyelid tightening, and brow ptosis correction. Similarly, the overall QOL scores in this hybrid TC flap study also improved in the eye comfort subdomain and when subgrouping those who underwent RT. The no-RT subgroup may not have been powered to detect a change in QOL. Overall, our cohort demonstrates a unique subset of paralytic ectropion cases in that all patients had flaccid paralysis, a substantial portion had radiation exposure to the periorbital area, advanced age was prevalent, and many patients had a long duration of paralysis prior to presentation. Although the hybrid TC flap is effective, a potential consequence is reversible lateral peripheral vision limitation. In the 1 patient whose lower eyelid tone improved after nerve grafting, the TC flap was partially divided under local anesthesia, balancing improved peripheral visual field with corneal protection. An extruded gold weight was the other complication in the study, providing a complication rate (6%) within the reported range of 5% to 50% in the literature. 18 
Limitations
This study has several limitations in addition to its retrospective nature. Generalizability may not appropriate to all patients with facial paralysis. A control group was not included; however, this is mitigated by using the Moe EGS and FaCE scale to allow future comparisons for different interventions. Finally, the QOL improvements in this study are not solely attributable to the hybrid flap as all patients had upper eyelid weighting, either previously or concurrently.
Conclusions
Among patients with flaccid facial paralysis and paralytic ectropion, improvement in their ocular symptoms, eyelid appearance, and QOL was found after a combined tarsal strip canthoplasty, TC flap, and upper eyelid weight placement. The outcome was sustained in long-term follow-up, even in severe cases with advanced age and those who had undergone ablative RT. This is approach is safe and reversible if dynamic eyelid closure is returned, either spontaneously or with nerve grafting. 
